








A b s t r a c t
This	 article	deals	with	 applying	numerical	finite	 element	models	 to	 forecast	 the	phenomena’s	






Keywords: numerical modelling, retention, storage reservoir, hydrodynamic, water quality


















































The	 proper	management	 of	 the	water	 storage	 reservoir	 requires	 a	 broad	 and	 detailed	








of	 non-stationary	processes,	 such	 as:	 tension	 structures,	 thermal	 conductivity	 or	fluids	
flow.	 FEM	 allows	 for	 correct	mapping	 of	 the	 velocity	 field	 of	 the	water	 surface	with	
variable	spatial	accuracy	dependant	on	topographic	complexity	of	the	water	body.







Modelling	Solution	 (SMS)	 is	a	comprehensive	 simulation	environment	 for	hydrodynamic	
modelling	[1].	It	allows	engineers	and	scientists	to	visualise,	analyse	and	understand	results	
of	 performed	 simulations	 easier.	 The	 numerical	 models	 supported	 by	 SMS	 are	 able	 to	
compute	a	variety	of	parameters	applicable	to	surface	water	modelling.	Primary	applications	
of	 the	models	 include	 calculation	 of	 the	water	 surface	 elevations	 and	 flow	 velocities	 for	
steady-state	 and	 dynamic	 conditions.	 Other	 applications	 include	 the	modelling	 of:	 rivers	




polygons.	 The	 conceptual	 models	 are	 high-level	 and	 do	 not	 rely	 on	 meshes	 and	 grids.	
They	 only	 need	 definition	 of	 parameters	 such	 as	 bathymetric	 data,	 flow	 rates,	 boundary	
conditions	or	water	surface	elevations.	Moreover,	SMS	also	includes	tools	that	help	building	
computational	meshes	and	grids	including	their	automatic	generation	and	optimization.	SMS	
also	provides	 tools	 for	 result	analysis	and	visualisation.	This	makes	 results	understanding	
easier	and	allows	involved	people	to	focus	on	the	merits	of	their	problem.	Thanks	to	SMS`s	














Depending	 on	 the	 performed	 simulations,	 appropriate	 additional	 parameters	 must	 be	
defined:
58




The	 main	 result	 of	 the	 simulation	 is	 a	 two-dimensional	 planar	 field	 of	 the	 average	
horizontal	 velocity	 of	 water.	 Vertical	 movement	 and	 most	 of	 other	 vertically	 dependant	
phenomena	are	not	taken	into	account	[16].






































surface	 level	 and	 bottom	 roughness.	 These	 parameters	 can	 be	 constant	 or	 time	 varying	
(excluding	 the	bottom	roughness	–	 the	parameters	describing	a	material	are	always	set	as	










conditions.	For	 example,	 the	 eutrophic	process	 is	 a	 common	phenomenon	 in	 small	water	
60
movement	places	like	hollows.	Those	zones	are	easy	to	recognise	in	situ	or	can	be	identify	
within	 the	 solution	 calculated	 in	AdH,	 RMA2	 [4]	 or	 another	 hydrodynamic	 model.	 The	
situation	 is	more	 complicated	when	 considering	 the	 paths	 of	 the	 dissolved	 contaminants	








of	 constituents	 that	 have	 the	 eddy	diffusivity	 parameter	 (0.05m2/s)	 [5,	 9,	 13]	 suitable	 for	
“industrial”	 constituents	 like	 for	 example	mineral	 oils.	They	 origin	 from	 the	 zone	where	
industrial-originated	 contamination	may	 eventually	 appear:	 a	 haven	 located	 near	 the	 end	









in	 place	 where	Wolnica	 bay	 connects	 with	 the	 main	 part	 of	 the	 Dobczyce	 reservoir.	 In	









The	results	of	 this	kind	of	calculation	give	 information	about	 the	potential	way	of	 the	





outflow,	wind	 impact	 etc.	The	 second	 layer	 is	RMA4	 [10]	model,	which	 is	 based	 on	 the	
RMA2	solution.	In	this	step,	all	data	about	constituents	are	being	set	to	characterise	potential	
behaviour	of	each	of	the	substances	in	the	water	environment	with	specific	terms.
The	 ice	 cover,	 appearing	 on	 the	 storage	 reservoir	 in	 the	 winter,	 may	 impact	 water	
quality.	The	simulation	results	confirm	that	the	ice	covering	the	reservoirs	has	a	significant	
impact	 on	 the	water	 dynamic.	 Ice	 cover	 reduces	water	 velocity,	which	 creates	 stagnant	
areas.	 In	 addition,	 the	 ice	 cover	 has	 a	 significant	 impact	 on	 reducing	 water	 mixing	 in	
a	storage	reservoir	[7,	11,	14].












































































































































































































































levels	as	before	 (339	and	341	m	a.s.l.)	 at	 the	flow	rate	of	200	m3/s	 (210	m3/s	 inflow	and	














The	 storage	 reservoir	 task	 is	 to	 catch	a	flood	wave,	 in	order	 to	protect	 a	 threatened	area.	
The	simulation	solutions	give	knowledge	about	the	drying	time,	which	helps	elaborate	the	
procedure	in	similar	situation.

































The	 numerical	 solutions	 are	 stable	 and	 physically	 justified.	 The	 simulation	 solutions	
can’t	be	treated	like	an	exact	answer	for	the	real	problems.	It	can	be	only	a	clue	for	a	good	
management	 the	 reservoir.	 It	 is	obvious	 that	field	 research	 is	always	 recommended	and	 it	
gives	 the	best	view	of	 the	 situation.	However,	 in	 large-scale	 research,	 as	 it	 take	place	on	
the	water	reservoirs,	it’s	often	hard,	expensive	and	sometimes	even	unenforceable.	In	those	
cases,	only	a	well-known	simulation	solution	area	may	outline	real	the	situation.
Nowadays,	 the	aspect	of	water	quality	 is	 the	priority	 issue.	Because	of	a	 large	human	
population,	 more	 attention	 should	 be	 put	 to	 guarantee	 basic	 needs.	 This	 problem	 can’t	
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